Cytosine methylation plays an important role in the epigenetic regulation of eukaryotic gene expression. The methyl-CpG binding domain (MBD) is common to a family of eukaryotic transcriptional regulators. How MBD, a stretch of about 80 amino acids, recognizes CpGs in a methylation dependent manner, and as a function of sequence, is only partly understood. Here we show, using an Escherichia coli cell-free expression system, that MBD from the human transcriptional regulator MeCP2 performs as a specific, methylation-dependent repressor in conjunction with the BDNF (brain-derived neurotrophic factor) promoter sequence. Mutation of either base flanking the central CpG pair changes the expression level of the target gene. However, the relative degree of repression as a function of MBD concentration remains unaltered. Molecular dynamics simulations that address the DNA B fiber ratio and the handedness reveal cooperative transitions in the promoter DNA upon MBD binding that correlate well with our experimental observations. We suggest that not only steric hindrance, but also conformational changes of the BDNF promoter as a result of MBD binding are required for MBD to act as a specific inhibitory element. Our work demonstrates that the prokaryotic transcription machinery can reproduce features of epigenetic mammalian transcriptional regulatory elements. 
Introduction
Methylation of DNA plays an essential role in the epigenetic regulation of mammalian gene expression. The enzymatic addition of a methyl group to the DNA base cytosine takes place at CpG positions. About 40% of mammalian genes contain CpG islands (CGIs), genomic regions with a higher frequency of CpG dinucleotides than elsewhere, in their promoters and exonic regions. The CGI promoters are mostly nonmethylated [1] . Cytosine methylation is predominant in eukaryotic genomes while prokaryotes mainly exhibit adenosine methylation. A recent study [2] showed that cytosine methylation can be associated with stationary phase prokaryotic gene expression and has a weak influence on the exponential growth phase.
The human protein MeCP2 [3] belongs to a family of proteins that contain the conserved methyl-CpG binding domain (MBD) . MBD specifically binds to methylated CpG sites, which enables MBD proteins to modulate gene expression as a function of their concentration levels. In binding assays, hyper-methylated promoters become enriched with MBD protein with promoter specific distributions [4] . MeCP2 consists of six domains. Upon its discovery, MeCP2 was understood as a transcriptional repressor, its action based on two domains, MBD and TRD (transcriptional repression domain) [5] . However, it is now well established that MeCP2 has a multifunctional role beyond suppression or activation of transcription [6] [7] [8] . MeCP2 was studied by means of a purified in vitro transcription system [9] . MeCP2 exhibits high affinity against the promoter III of the brain-derived neurotrophic factor (BDNF), which contains a single central CpG pair [10] [11] [12] . Moreover, MeCP2 transcription control is of interest in connection with many neuropsychiatric disorders, among them the Rett syndrome [13] .
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Physiological or higher salt concentrations are necessary for the MBD to discriminate methylation with high specificity [14] . MBD interacts with the DNA methyl group through strong electrostatic interactions with a tendency to form dimers. Binding assays have shown a clear tendency to bind to one or more symmetrically methylated CpGs, while the non-specific affinity to DNA is negligible [15] . Zou and colleagues [16] conducted conventional molecular dynamics (MD) simulations as well as alchemical free energy perturbation calculations to suggest that the increased hydrophobic interaction in the methylated MBD protein/DNA complexes strengthens binding. While hydrophobic attraction has been shown to play a major role in methylation recognition of the methylation-binding domain of MBD1 [17] , crystallographic investigations of the MBD from MeCP2 bound to the methylated BDNF promoter suggest that it makes contact and recognizes methylation through the hydration pattern of the major groove [11] . The recognition process of methylated DNA by MBD involves only little direct interaction at the CpG dinucleotide while interactions with flanking bases remain limited to the DNA backbone including hydrating water molecules [11] . An extensive binding study on MeCP2 revealed the requirement of A/T sequences adjacent to the CpG motif for MBD recognition [12] . This property was traced to amino acids 78-90 of MBD. In contrast, structural studies suggest that this is caused either by an Asx-ST motif at the C terminus, or an AT hook of MeCP2 that is not part of MBD [11] . The increased propeller twist of the AT run could also play a role. However, the AT-run as a prerequisite for MBD binding could not be firmly established on structural grounds [18] .
Escherichia coli cell-free expression systems are useful for the synthesis of human proteins, antibiotic peptides, and the incorporation of non-canonical amino acids [19, 20] , among many other applications. The molecular machinery of the cytoplasmic extract performs transcription and translation in a single test tube. The molecular composition of a cell-free reaction, DNA template stoichiometry as well as transcriptional elements, can be more tightly controlled and more easily varied than in vivo. In particular, these extracts give the experimentalist the opportunity to combine functional biomolecular elements in ways difficult to achieve otherwise. The expression of fluorescent protein enables real time, quantitative measurement of expression dynamics.
Noireaux and colleagues developed a new system that utilizes the endogenous E. coli RNA polymerase and sigma factor 70 [21, 22] . This expression system produces recombinant proteins in the micromolar range within a few hours. Compared to the common bacteriophage based transcription systems, such as T7, it presents the advantage of preserving the bacterial transcription toolbox.
In this work, we investigate the role of the methyl-CpG binding domain of MeCP2 as a possible transcriptional modulator for prokaryotic gene expression in conjunction with the BDNF promoter. To this aim, we use an E. coli cell-free expression system with the endogenous E. coli RNA polymerase and sigma factor 70 [21, 22] . We combine our experiments with MD simulations that study how MBD binding and methylation affect the structure of the wild-type DNA compared to a mutant.
Methods
Cell-free expression is illustrated in figure 1 . The BDNF promoter (see table 1 ) is cloned into a plasmid in such a way that it overlaps the −35 and −10 consensus sequences of the E. coli promoter, specific to the housekeeping transcription factor sigma-70 present in the cell-free reaction. As a function of the methylation of the central CpG site, the BDNF promoter regulates the transcription of a gene that codes for green fluorescent protein (GFP) as a reporter.
Cell-free extract and plasmid preparation
The crude cell-free extract is prepared according to an established protocol [21, 22] .
All plasmids stem from pBEST-OR2-OR1-Pr-UTR1-deGFP-T500 (Addgene #40019) [22] . Its ColE1 origin of replication is replaced by a p15A. To avoid toxicity due to an over-expression of the recombinant protein during plasmid amplification, the strong lambda phage promoter Pr is flanked by the operons OR1 and OR2 [22] . This enables the temper ature sensitive lambda repressor Cl857 to stabilize the plasmid during cell growth and avoid toxicity (E. coli strain KL740, Yale CGSC#:4382). The plasmid design involves cloning of the genes and their regulatory parts into the above described plasmid according to standard procedures of molecular biology. The wild type (wt) and several mutant versions of the BDNF promoter are cloned in between restriction sites NheI and SphI. The sequences overlap the −35 and −10 consensus sequence of the promoter specific to the E. coli housekeeping transcription factor sigma-70 present in the extract. Here, GFP refers to the enhanced green fluorescent protein (GenBank: CAD97424.1), truncated and modified in the N-and C-terminal [23] . MBD refers to the methylation binding domain of MeCP2 (amino acid 78-162, GenBank: 4202), UTR1 to the untranslated region containing the T7 g10 leader sequence for highly efficient translation initiation (GeneBank: M35614.1 [24] ;), T500 to the transcription terminator [25] , BDNF to the promoter III of the mouse-brain-derived neurodrophic factor in the wild type (wt) and mutated (M2) version, and OR2-OR1-Pr to the lambda repressor Cro promoter (GenBank: J02459.1). Plasmid concentrations are determined using either QuantiFluor (Promega, USA), or Nanodrop 2000c UV-Vis Spectrometer (Thermo Fisher Scientific GmbH, Dreieich, Germany). Plasmid sequences are determined by a sequencing service (Microsynth AG, Switzerland or SEQLAB Sequence Laboratories Göttingen GmbH, Germany). Enzymatic CpG methylation of all plasmids is performed in vitro using methyltransferases, M.SssI or HhaI (New England Biolabs, USA). Complete methylation of the plasmids is analyzed by restriction digest with the methylation dependent endonuclease HhaI (New England Biolabs, USA) and subsequent gel electrophoresis (figure S1 (stacks.iop. org/PhysBio/14/026002/mmedia)).
In vitro expression experiment
A typical cell-free reaction consists of 33% (v/v) extract and 67% (v/v) reaction buffer including the DNA templates. The reaction buffer is composed of 50 mM HEPES (pH value 8), 1.5 mM ATP and GTP, 0.9 mM CTP and UTP, 0.2 mg ml −1 tRNA E. coli, 0.26 mM coenzyme A, 0.33 mM NAD, 0.75 mM cAMP, 0.068 mM folinic acid, 1 mM spermidine, 30 mM 3-phosphoglyceric acid (PGA), 1 mM DTT, and 2% (v/v) PEG8000 (all Sigma-Aldrich, Switzerland). Addition of amino acids (0.5 mM of each of the 20 canonical amino acids, except for Leu that is 0.42 mM), magnesium glutamate (0-10 mM), and potassium glutamate (0 − 120 mM) are adjusted depending on the batch of extract and plasmid concentration. The system is prepared in such a way that the concentrations of these three components can be adjusted independently for any reaction. A typical batch mode reaction is prepared on ice by thoroughly mixing extract, buffer and plasmid DNA at specified concentrations. The solution is split into aliquots of 6 µl. In this case, diffusion of oxygen into the extract is not a limiting factor [22] . The reaction tubes are incubated at 29 °C for at least 12 h. After incubation the aliquots are transferred into a single vessel. 10 µl of the solution is transferred into a 384 multi well plate and the fluorescence intensity of the synthesized GFP is determined via plate reader (Polar Star Optima, BMG Labtech, Germany).
Prokaryotic in vitro expression of CpG methylated DNA In bacteria the methylation sensitive restriction system mcr is believed to cleave CpG methylated DNA. Mcr acts as a primitive immune system [26] in E. coli. Figure S2 reveals that the mcr system is also present in our cell free extract and degrades CpG methylated reporter plasmids carrying mcr recognition motifs. In this case we do not detect any expression of the reporter gene. All CpG methylated reporter plasmids used in this study are devoid of any mcr recognition motifs. Their stability is confirmed by the successful expression of GFP from these reporter plasmids ( figure S6 ). Table 1 . Promoter sequences of the studied BDNF promoters, and the plasmid coding for MBD. All promoters contain a central CpG motif (bold), which can either be methylated or non-methylated. In the case of the four mutations of the BDNF promoter (M1-M4), the modified bases are marked as minuscule.
Promoter
Sequence (5′-3′)
Based on the results in figure S6 , we adjusted the reporter plasmid concentration to 5 nM for all experiments. For higher plasmid concentrations, sharing effects of the expression machinery are common [26] . Further, we checked that the presence of recombinant MBD from a different source, or MBD expressed from plasmid DNA within the cell free reaction system lead to a comparable result (figure S3).
MD simulations
As a structural reference for the MeCP2:DNA complex, we use the x-ray structure of the BDNF promoter bound to the methyl-binding domain (PDB: 3C2I). The MD simulations are performed with the GROMACS 4.5.5 package [27] using the CHARMM27 force field [28] and the TIP3P water model [29] . The parameters for 5-methyl-cytosine are used as defined in the CHARMM force field. Systems with unbound DNA duplex strands or protein:dsDNA complexes are placed in a dodecahedral water box of 16 nm box dimensions with 0.10 mol l −1 of KCl added, so that the system has an overall zero electrostatic charge. The total size of the simulated systems is 56190 atoms for DNA solvated in a water box, and 56370 atoms for the solvated protein-DNA complex. Boundary conditions are periodic. Long-ranged Coulombic interactions beyond a cutoff of 13 Å are computed by the particle-mesh Ewald (PME) summation method [30] . The non-bonded Lennard-Jones interactions are computed using a smooth cutoff of 13 Å. The integration time step is set to 1 fs.
At first, each simulated system is energy-minimized for 50000 steps using the steepest descent algorithm followed by a second energy minimization for 10000 steps using a quasi-Newtonian algorithm with the low-memory Broyden-Fletcher-Goldfarb-Shanno approach. The tolerance is set to 1.0 kJ mol −1 nm −1 . After that, the system is heated to 310 K during 4 ps. Then, each system is subjected to 2.0 ns-equilibration in the NVT ensemble with harmonic restraints applied to all protein and DNA heavy atoms. The temperature is kept at 310 K by applying leap-frog stochastic dynamics forces with a damping coefficient of 0.1 ps −1 . With restraints kept, each system is further equilibrated for 0.5 ns in the NPT ensemble, and then for another 1.0 ns without restraints. MD simulations of 100 ns length are performed for the fully methylated DNA (the wild type), the non-methylated DNA, and methylated and non-methylated versions of the experimentally studied M2 mutant (modeled with 3DNA software [31] ), which shows the strongest deviations from the wild type among the four studied mutants. Simulations are conducted in two replicates each. The results of the two replicates are almost indistinguishable. Thus the results for the second replicate are only shown in one table, but not in the figures. For the computation of RMSF fluctuations, the trajectories of the two replicates (100 ns each) are concatenated and fitted to the initial structure.
Results

MBD mediated repression of GFP with the wt version of the BDNF promoter
For the wt BDNF promoter we determine the overall amount of expressed GFP of the cell free reaction mix as a function of MBD plasmid DNA concentration (figure 2).
In our experiments, the final concentration of recombinant proteins attains the micromolar range [22] (figure S3). In case of the CpG methylated reporter, adding MBD plasmids entails repression of GFP expression. In case of the non-methylated reporter the same level of repression requires about 5 × higher plasmid concentrations. If BDNF is replaced by a different promoter that contains a repetition of the CpG recognition motif, this does not modulate GFP expression in a methylation dependent manner (figure S5). We conclude that it is the BDNF promoter that is responsi- ble for the observed methylation-dependent repression and that MBD recognition is specific to this promoter.
Sequence mutations of the BDNF promoter
We experimentally test four mutations in the BDNF promoter (table 1) for changes in transcriptional regulation. M1 and M3 are designed to study the influence of the flanking bases of the central CpG motif where methylation is discriminated. M2 breaks the run of the four AT base pairs downstream of the CpG motif [12] . M4 combines the mutations M2 and M3 within a single promoter. The central CpG motif of the BDNF promoter remains untouched in any case. Figure 3 shows the expressed GFP concentrations as a function of plasmid methylation state and the type of mutation. Of the non-methylated plasmids, M1 generates lower expression levels than the wt, while M3 tends to exceed this level. M2 and M4 exhibit a strongly reduced expression level to about 20% of wt. If methylated, in presence of the MBD plasmid the expression levels of all constructions appear reduced. In an additional but otherwise identical experiment we normalize the measured GFP fluorescence to the value in absence of the MBD plasmid (figure 4). The results reveal a comparable, relative repression of all constructions (wt, M1-M4) in the case of CpG methylated and nonmethylated reporter plasmids. , and
Simple kinetic model
yields:
(1) Figure 6 shows In the case where the BDNF promoter was replaced by the promoter with the CpG-repetitions there is no repression of the expression with increasing MBDPlasmid concentration. In terms of the model, this is achieved by a higher K D,M and a decreased E − /E + -ratio.
MD simulations
MD simulations of free promoter DNA as well as the MBD:DNA complex reveal stable conformations for methylated and non-methylated DNA (RMSD ~2.0 Å from the average structure). Methylated, MBD-bound promoter DNA presents the smallest root mean square fluctuations (RMSF) of the heavy atoms in its backbone whereas non-methylated MBD bound DNA exhibits the largest ones (figure 7), exceeding even those of the unbound DNA, methylated or not.
The simulations show that binding of methylated DNA (wild-type and M2) to MBD induces a widening of the major DNA groove at the binding interface from 15 Å to about 20 Å ( figure 8 ). This change is less pronounced when MBD binds to non-methylated DNA (wild-type and M2). Figure 9 shows the fraction of DNA base pairs adopting a B-DNA conformation (also known as B-fiber ratio). For unbound wt DNA, both in the methylated and non-methylated states, roughly 80% of the base-pairs are in B-DNA conformation on average. Unbound M2-DNA is characterized by lower ratios of 70% (mDNA M2 ) and 65% (nDNA M2 ). Upon binding to MBD, the B-fiber ratios either decrease by about 10% to 70% (mDNA wt and nDNA wt ) or by about 5% to 65% (mDNA M2 ). In the case of non-methylated (2) to (4), there is also the possibility that the sigma factor 70 can bind to (2) and mediate the dissociation of MBD (k M off ) resulting in (3) (figure S7). Therefore the effective (not in
, depends on the binding of the sigma factor 70 (which in turn depends on the promoter-sequence). The overall expression is the sum of the expression processes from state (3) (high expression) or (4) (low expression). M2, the B-fiber ratio decreases insignificantly to a low value of 62%.
The handedness (see supplementary material and figure S4 for further details on handedness) describes the helical twisting of DNA. It can be used to check for transitions from compact, right-handed B-DNA to the relatively extended, left-handed Z-DNA. The handedness values indicate that upon binding of MBD to wt DNA the CpG recognition motif untwists partially from the perfect B-DNA fiber (table 2, figure 10 ). This is more pronounced if the DNA is methylated (from 0.552 to 0.446 on average) than for the non-methylated form (from 0.548 to 0.480). M2, however, displays a handedness that is practically independent of methylation while fluctuations are larger in the unbound state. The value of handedness leans towards the methylated wt complex.
Discussion
Since the molecular environment of E. coli is tuned for prokaryotic expression, one might suspect eukaryotic transcriptional elements not to function in our experiments. Adenine methylation of the DNA sequence motif 5′-GATC-3′ by the enzyme deoxyadenosine methylase (Dam) plays an important role in the timing of initiation of DNA replication in E. coli, as well as in the coordination of cellular events, DNA mismatch repair, and gene regulation [32] . At the same time, cytosine methylation is easily recognized as foreign. However, we find that our experiments are not affected by any of the above. We use solely MBD, the recognition domain, instead of the entire MeCP2 protein and find that the expression downstream of the BDNF promoter is strongly repressed by MBD only if this promoter is methylated ( figure 2) . This happens at MBD concentrations that are typical for transcription factors in cells [33] , however, they are well below the MeCP2 concentrations found in cell nuclei [34] . An unrelated promoter, inserted at the place of the BDNF sequence, does not exhibit any methylation dependence , respectively) . Trajectories of the two replicates (100 ns each) were concatenated and fitted to the initial structure. According to the RMSF analysis, the DNA in the methylated complex exhibits the smallest conformational fluctuations. This suggests that the methyl group structurally stabilizes the protein: DNA complex.
although it contains a repetition of symmetrical CpG motifs (figure S5) that were shown to considerably enhance MBD affinity in binding assays [15] . All of the above exhibits a high degree of specific repression that is astonishing, given that we are in a prokaryotic molecular environment, and MBD represents a rather small portion of MeCP2 that, to our knowledge, has not been described as a functional eukaryotic regulator per se.
We included four mutations into the promoter and examined them for expression efficiency ( figures  3 and 4) . Both, M1 and M3 carry a mutation of one of the bases flanking the central CpG recognition motif. Based on structural data (14), Ho et al showed that direct MBD binding with respect to the flanking bases is limited to the DNA backbone. In agreement, in our experiments the flanking bases only change the expression level of the target gene in the absence of MBD but they do not change the relative repression that is caused by MBD.
Mutant M2 had a broken run of AT bases downstream of the CpG motif. This AT-run was reported to be essential for MBD binding to BDNF [12] . We observe that M2 leads to a lower expression level of the target GFP gene even in the absence of MBD (figure 3). We conclude that the AT-run of the BDNF promoter enhances the expression by the E. coli polymerase. For M2, methylation produces repression of comparable magnitude as the wild type. In agreement with the structural analysis [11] , the AT-run does not appear as a requirement for MBD binding in our study.
The observations made within the experiments are well described by a simple kinetic model assuming that the BDNF promoter can occur in four states. This Michaelis-Menten type description fits the data well. While the value for the effective dissociation constant of MBD, K D,M , from fitting the experimental data is estimated between 0.5 µM and 1 µM, the value found in the literature in equilibrium is about 8.5 nM [35] . However, in our experiment there is non-equilibrium, as well as competition between MBD and the sigma factor 70, and possibly many other molecules from the E. coli extract. As a result it may not be very useful to compare both values.
In MD simulations, the width of the major groove of the promoter increases upon binding to MBD (figure 8), as with most DNA binding proteins [36] . This improves the accessibility of the functional groups of DNA and favors the specificity of protein-DNA contacts. In parallel to this, the fraction of DNA base pairs in B-DNA conformation decreases (figure 9) as well as the handedness (table 2, figure 10 ). Both observables are indications of a subtle conformational transition toward Z-DNA. For wtBDNF promoter, MD simulations predict that its conformational fluctuations are lower for the methylated MBD complex as compared to unbound DNA, or to the non-methylated complex. Also, binding of the methylated BDNF promoter induces a larger opening of the major groove than for the non-methylated form. These observations suggest that MBD forms tighter contacts to methylated BDNF (as evidenced by low conformational fluctuations, see RMSF analysis in figure 7 ). This matches well the efficiency for repression reported in figure 3 , as well as the computational results of Zou and coworkers [16] .
The degree of opening of the DNA major groove for methylated M2-DNA and the change in handedness of the central dinucleotide steps, are comparable to that for wt DNA ( figures 8 and 10, table 2 ). This suggests that MBD also binds to the mutant M2 although the AT-run is lacking. On the other hand, in simulations of the unbound M2 promoter, a lower fraction of DNA bases adopt B-DNA conformation (figure 9) than for the unbound wt DNA. Also when bound to MBD, the fraction of B-DNA is smaller for M2-DNA than for wt DNA. Moreover, the distribution of handedness of M2 is distinctly broader than for the wt, regardless of methylation. Both observables point to a more floppy DNA conformation of the M2 promoter. At the same time the data above suggests that the decreased expression level of M2 is due to a DNA conformation that, without being methylated, retains structural features of the repressing, methylated wt MBD complex. We suggest that the AT stretch helps to stabilize in particular the non-methylated DNA conformation in such a way that a high expression-level is achieved. Handedness of the central dinucleotide steps, namely the (36T-7A-35T-85CM) and the (7DA-35DT-85CM-34DG As a general observation, the structural trans itions upon MBD binding are stronger for the methylated promoter than for the non-methylated one. They extend until the AT stretch, where the mutation of M2 is located. In vitro footprinting revealed protection that extends 6 bases from the central motif [15] . We hypothesize that the high degree of cooperativity is a reason for the highly specific BDNF motif recognition that MBD presents in our experiments-in spite of its very localized interaction. In agreement with previous knowledge, our results support the idea that MBD binds to the central CpG pair as a recognition motif. However, we suggest that in order to act as a suppressor, not only steric hindrance plays a role, but also MBD modifies the DNA conformation in such a way that the polymerase binds with reduced affinity. This idea is corroborated by our observation that a repetition of CpGs does not act as an inhibitor, although MBD binds with even higher affinity to this type of sequence [15] . It is clear that a high degree of cooperativity along the DNA BDNF sequence in conjunction with a very localized recognition site implies a certain fragility towards mutations. We speculate that the highly cooperative nature of molecular recognition may contribute to the loss/gain of functions of MBDproteins, which has been discovered as a result of point mutations in connection with the Rett syndrome [37] , a considerable fraction of them identified in the MBD domain. However, a much more detailed study would be required to confirm this hypothesis.
Conclusion
In this study we report the first epigenetic regulation due to a eukaryotic protein and eukaryotic cytosine methylation that is realized in a prokaryotic bacterial cell-free transcription translation system. At first sight, the eukaryotic polymerase and its expression machinery seem to have nothing much in common with prokaryotes. However, the fact that in our experiments MBD alone, as opposed to the entire MeCP2, performs as a specific repressor in conjunction with the BDNF promoter sequence, shows that in our case the situation is actually quite clear. Whereas binding assays simply detect the formation of MBD-DNA contacts, our cell-free expression system reveals repression of the target gene by MBD that is probably mediated by conformational changes of the connecting DNA stretch. MD simulations suggest subtle cooperative transitions of the DNA conformation. Given the highly localized interaction of MBD, this may well explain the high degree of specificity to the BDNF sequence as observed in our experiments. The total collective variable of handedness for the DNA strand is thus the polynomial sum of the handednesss terms, starting at one phosphorus atom each, and ending three bases thereafter (e.g; P The red lines represent a fit using equation (1) . For M3 the fitting parameter for E + became negative, so we set it to a fixed value comparable to wt and the other mutants (see table S9 ). This results in a curve that fits the data about equally well. Table S9 . Fitting parameters of the plots in figure 6 and figure S8 . The values where no error is listed were fixed. E -was fixed to the measured value E([MBD-Plasmid] = 0 nM). E + of M3 had to be fixed to a value that gives a K D,M and a ratio of E-/E + comparable to wt, M1, M2 and M4 to avoid negative parameters. 
